


1ntroCit;ct ion  

a s::rstem have been put i n t o  -oroduc%ion. These no te s  deal mole 

pzrTicul?r ly  7 ; r i t h  one desiFi1 of  such a ?ear, which functions 

a:itomatically and therefore requi res  no z t t e n t i o n  on the  part  

of t k e  .? i lot .  T1:s r r r i t e r  be l i eves  t?at :‘logsieur g r e a s e ,  - tbe 

wel?.-knovn -.i-ench c i e e i g i c r ,  ’vas one of t k c  first t o  e3ploy t h e  

au tGx3 t i ca l iy  cont;r-o’llec‘- t y o e  cf gear .  Tke nresent  insta’l la- 

.n 

some i n t  e 1: ca t  I 
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it  may h e  s 3 I d  t3 ' u s t i f y  i t s  ex is tence .  

This  in5rooduction would soa rce ly  he corn? 

refere?nce t o  t h e  i n v e s t i q t i o n s  which a r e  a t  

r ieC out Sy  llr. Handley Page an3 o the r s  on s'l .otte8 

s l c t s ,  7:rhicn a r e  raria53.e a-nu a r e  of soccisl-  

alono. the s v a ~  of t h e  a i r p l a n e ,  the width of the apex 

control led-  5g th3 p i l o t .  Increase  i n  speed ranqe i s  one of 

t h e  claims for t h e  sys t em.  It is ,  hovever, oGtside t h e  scoy>e 

of this r epor t  t o  deal more f ~ l l y  v i t h  t h e  design and funct ion-  

i n g  of t h i s  mar .  

1x1 Fi?. 1 is show2 the e f f e c t  on the  aerocf-mnrriic clxiractcr- 

i s t i c s  of 3n a i r f o i l  ( i n  this c a s e  s e c t i o n  FL*A*Fg 9 )  of vary- 

i n g  t h e  a n g l e  of the t m i l i q  o o r t i o n  to the m i n  chord. It 

~ 1 1 1  be lioticed t7:iat t5-?e I i f t / " d r a y "  m t i o  for l o v  values  of 

CL, eorresnonding to r"ull and c r u f s i n y  s'oeeC;s, is considerably 

h ighe r  f o r  2 fla.3 ee t t i r ,g  of 5 3eyrce.s up, ."Thereas t h e  ra. lue of 

maximum CL, mr5ich corresoones t o  l a x l i ~ q  suecd, i s  s f e a d i l y  

inc reas ing  i3T-en at, a f l a p  a-ngle of 20 degrees  down. 

mum f 1 ~ n  angle  vhich it has  been found convenient t o  use  i n  

f l i g h t ,  is  between 12 deprees  and 15 deprzes  Corn. 

to i l - lup t ra te  t h e  b e n e f i t  der ived ,  a n  enyelope, shown on tfsle 

qraoh by Tmns  of a d o t t e d  l i n e ,  has been drawn to em3race the 

maxim.~^rl o r d i m t e s  of t h e  edrves between f lap  ang le s  5 +-egress 

UD and 1 2  degrees  dowx. This envelope reoresents  approximately 

t h e  cha rac t e r i s t i c s  of such an  arrangement, provided the  f l a p  

The maxi- 
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i s  at.  f t s  oFtirfiurc Dosit ion f o r  :' Eivcn anglc  of i n  

Crrc o f  t k c  Tost  d - i f f i c u l t  r3roblcms confront in  

d e s i m e r  i s  t h a t  of reducing t o  a n  a b s o l u t e  minimum t h e  

t u d s  of controls, instrurrcnte,  e t c . ,  vhich r cqu i r c  

a . t t cn t ion  on t5c  part of t h e  p i l o t .  The adclitior^ of a 

l . c ? r G r  i'Loic6 cou1.d inos8ibI.y b e  dispensed w i t h  i s  looked upon b 

c r c i a l t '  de s i -qe r s  w i t 3  misgiving. v a r i a b l e  f lap gcar, 

rrbich nould func t ion  au tomat ica l ly  and r equ i r c  no a t t e n t i o n  du 

i n s  f l i g h t  a-ppearec:, t he re fo re ,  an a t t r a c t i v e  idea even i n  t h e  

e a r l y  stages of i t s  development. 

a d v a n t a g s  of v a r i a b l e  camber may be  c l a s s i f i e d  as f o l -  

lows: 

(a,) E e f i n i t e  i nc rease  i n  specd range a t  t he  cost  of t h e  

e x t r a  TF!eight involved b y  t h e  a d d i t i o g  of the var ious  u n i t s  com- 

p r i s i n g  the  comnlete Fear.  This e x t r a  s-oeed range is more usu- 

a l l y ,  thouqh not necessa r i ly ,  a s soc ia t ed  with reduced landing  

speed. Some idea of t he  b e n e f i t  der ived  may be obtained by es- 

tirna,ting the  a r e a  rvhich would r equ i r e  t o  b e  added t o  t h e  main 

wings t o  yive a. reduct ion of ,  say,  7 Y.P.He i n  s t a l l i n g  speed. 

For  an a i m l a n e  of normal performance it would be about 30 per 

cen t ,  and it yfiust b e  r e a l i z e d  tha t  tro make t h e  comparison a 

f a i r  one t'he a r e a s  of the var ious  su r faces  of t h e  empenna 

t h e  l e n g t h  of fuse lage ,  e t c . ,  must a l s o  b e  increased i n  t h e i r  

co r rec t  proport  ions.  The ex t r a  weight involved by  the  increase  

i n  s i z e  of t he  a i r p l a n e  must be considerably more than  that 



cau'scd by t h e  a.ddition* of f l a p  5;ca.r. 

('c) Gseater ground angle ,  i . e . ,  t h e  ang le  between 

chord of t h e  .main wings and the  ground. This i s  a l w a  

vantage,  a s  it dec scs  t 3 c  run of the  a 

when lctnding. A l t e r n a t i v e l y ,  i f  the ground ang le  b e  con 

s u f f i c i e n t ,  t h e  lnndin,ri. gear  can bc rcduced i n  he ight  i f  D 

l e r  c learance  D e m i t  

( e )  When approaching the  f i e l d  prcpara tory  t o  landing, t h  

a i r p l a n e  having i t s  f l a p s  i n  the down p o s i t i o n ,  t a k e s  up a n  a t t i -  

t u d e  i n  the. a i r  about 10 degrccs more nose down than would be  t h e  

case  with a n.oma1 a i r p l a n e .  This g ives  t h c  p i l o t  a b e t t e r  vlrcw 

a t  t h e  moment when he most u rgen t ly  needs it  Unfortunately,  t h e  

q u e s t i o n  of view is one which i s  seldom given s u f f i c i e n t  weight 

when a new 8 i r p l a n e  is  be ing  l a i d  ou t .  

The main u t i l i t y  of any type of f l a p  gear may b e  said t o  b e  

t h e  a s s i s t a n c e  it a f f o r d s  t h e  D i l o t ,  who i n  t h e  sudden emergency 

of enzine f a i l u r e  near t h e  ground has t o  make a rap id  survey of 

o o s s i b l e  l and ing  spaces, maneuver t h e  a i r p l a n e  s o  as t o  l o s e  

he igh t  t o  the b e s t  adva n ta ge , an6 f i n a l l y  t o  e f f e c t  a l and ing  

accord ing  t o  h i s  h a s t i l y  devised plan.  I t  is  p r e c i s e l y  a t  such 

a moment that  the  p i l o t  has no time t o  devote t o  t he  mariipula- 

t i o n  of any b u t  t he  a b s o l u t e l y  necessary c o n t r o l s .  On such an 

occas ion  when i t  is  most need.ed he would probably fail t o  b r i n g  

t h e  f lap-opera t ing  mechanism i n t o  p l a y .  However, w i t h  a system 

of  f l a p s  au tomat ica l ly  con t ro l l ed  i n  t h e i r  operatio-n b y  t h e  speed 
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of t h e  afrol i"ne,  t b e  q i l o t  need hardly know of 

:ret whenever 'ne makes a l and ing  he i s  c e r t a i n  of db ta i  

"ful l  .QcJ,T-anta.cres of such a mechhnisw! 

I t  is rec71ized t'%,t i t  may not  b e  possi-ble t o  s o  

; - ' t~ to imt ic  r e a r  tkat the  flaps a r e  always i n  t h e i r  optimum p 

t i o n ,  and. i t  has  been supgested that i t  is  i n  t h i s  r e spec t  

t h a t  a 'L.;a-nd-operated t7pe rvould score.  This argument i s  proba- 

-ply '?ore a q a r e - n t  tha2 r e a l ,  as  it  presupposes t echn ica l  howl -  

& r e  aiid conscient iousness  on the  part of t he  o i l o t  which i n  

sose  cases he does not  possess .  I n  p r a c t i c e  i t  i s  pore  likely 

t h a t  t h e  Tear l e v e r  will remain unmoved f o r  considerable  per iods.  

Since t h e  very early days Capt. Geoffrey de  Havilland ha.s 

shown considerab1.e i n t e r c s t  i n  the . o o s s i b i l i t i c s  of vax iab le  

f la -os .  In conjunct ion l p r i t h  h i s  Chief A s s i s t a n t ,  ET. A. E. Hagg, 

he conceived the  idea of .Traducing a rear :mhich would func t ion  

automticalY.y,  b e  foolproof in opera t ion ,  and r e q u i r e  no a t t en -  

t i o n  on t'ne .2art of t h e  g i l o t .  T'ile design of such a y e a r  obvi- 

ous 1 y prcsznt  ed :nsny d i f f i c u l t i e s ,  bu t  a . f t e r  much p a t i e n t  in- 

v e s t i q a t i o n  a design %as Seen evolved which can b e  said t o  b v e  

Qa,sscd t he  gure ly  exoerimental. s t age  aDd anpears  now t o  have 

j u s t i f i e d  t h e  money spent on i t s  dcveloprnent. 

Funet ions and Advantages 

Before Geal ing with d e t a i l s  of t h e  l a t e r  des igns ,  i t  rniqht 

b e  -cselI t o  r e i t e r a t e  the claims put forward by those  resuons ib le  
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erons can he  

~ i m l ~ n e .  T 3 i s  is 8, -:cry deeirab2.e fee 

( e )  The s l l e r o m  can s t i i l  b e  given Tny required amo 

d j f f e r p n t i a ? .  iY!OTJTSi)P!lt, I t  has tee-i  found poss ib l e  t o  

erons can he  

t h e  

%be 

i n  

t o  

sunp o r t 

t h i s  qee 
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T-rhich the  d.esigners o l ~ c e d  i n  t h e  Dr inc ip le .  

It i s  not  considered necess-".ry t o  

.oh.ses i n  the  ?Level-opment of the  rTeTr, b u t  

t e z n t s  - r e  of some i n t e r e s t  i n  sho:-ring the ideas upon -h 

t h e  des ign  ~ m s  foun&ed i n  t 3 e  f irst  instcnce.  A t  the  be 

i t  -ms hoped t o  ,min  t h e  d e s i r e d  r e s u l t s  by simply f i t t i n g  a 

s p r i n q  u c i t  i n  s e r i e s  bet-.-reen t h e  a i l e r o n  o p e m t i n g  c o n t r o l  

nnd t'llc f1a .m.  In  pract icc:  t h i s  g m e  only  i n d i f f e r e n t  r e s u l t s ,  

pnd t b e  n. i leron con t ro l  -'PS found t o  lirve becomc r e l n t i v o l y  in- 

e f f e c t i v e .  An exl3lsnztion f-as soon found, pnd it  *-as d-iscov- 

e red  tLat ---hen, for e x a m l e ,  t h e  g o r t  c?,lleron *:ms depressed, r! 

grei7,ter load  7-rns imposd  upon i t ,  2nd i n  consequence i t  t r avc led  

p2 r t  of the  v . y  up zC;ctinst t h e  sp r ing  cont ro l .  The st?.sbosrci 

r i l e r o n ,  n.01:~ be in?  i n  t h e  up P o s i t i o n ,  YS p a r t i a l l y  r e l i eve2  

of i t s  load Fnd t r a v e l &  downy-c+rds t o  i' Dosi t ion  of equilibrium. 

To ovcrco3e t h i s  d i f f i c u l t y ,  the  p o r t  and s ta rboard  a i l e r o n s  

'"ere interconnected by ? sys tem of c r o s s  cables .  This cnsnrcd 

t h a t  2s r e p r d s  mirely f l P p  t r s v e l  b o t h  nechanisms t ? k e  up the  

same -oosftion. The Fiilcron cont ro l  77.3s n c r e l y  superimposed up- 

on t h i s  f l a p  movement. 

Figs .  2 2nd 3 sho--r il nure ly  d.iagrz2matic ske tch  of t he  q c r  

i n  i t s  f i n a l l y  developed form. For t he  sake of c learness  the  

t-lo nec l i~c isms  B nn6 C rrhich, olthough interconnected,  ore 

s e a r a t e  ?n& d i s t i n c t  u n i t s ,  hnve Seen shorn mounted on sepa ra t e  

spin6l.es. The lengths  of the  var ious  l z v c r s  FLnd t h e i r  anguler  



E J * A * C . B .  Technic21 Memorandum Eo. 406 

t r a v e l s  ? r e  not  necessnr i  

of d i f f e r c n t i n l  e f f e c t  on 

t e l y  c o r r e c t .  By d i f f e r e n t i c l  e f f  

ng of t he  l e v  

n e c t i n g  rod i n  i t s  mid-Qosition. The r e s u l t  of such an  

ment i s  that  equal angular  aovements of one l e v e r  give a p r  

q r e s s i v e l y  inc reas ing  o r  decreas ing  angular  movement t o  t h e  

l e v e r  n t  t he  o t h e r  end of t h e  connecting rod. The ve ry  F ide ly  

employed d i f f e r e n t i F 1  z i l e r o n  mechanism i s  ii t y p i c a l  example of 

t h i s  pr inc iDle .  It has proved s o  va.luabl-e i n  improving cont ro l  

t h a t  t he  s sxe  idea i n  a modified form hzs nom been embodied i n  

t h e  F d d e r  aid e l e v a t o r  con t ro l  t o  g rea t  advantage. In t he  

case  und-er review, d i f f e r e n t i 3 1  e f f e c t  has bzen u t i l i z e d  i n  t h e  

desi,gn t o  serve  th ree  purposes: 

(a> 

(b) 

To g ive  d i f f e r e n t i a l  movement t o  the a i l e r o n s .  

To -orovic?e 8 v a r i a b l e  gear r a t i o  t o  a i l e r o n  cont ro l  

tlnith v a r i a t i o n  i n  f l ap  angle.  

( c )  To ob ta in  t h e  c o r r e c t  novement of t he  f l a p s  a t  t he  

speeds required.  

The dia,crrams show pn inner  s e t  of f l a p s  which simply xoves 

up with increase  of speed, and an  ou te r  s e t  which has su-perim- 

Dosed on i t s  f lap  movement a movemer?t, con t ro l1  by t h e  GO 

s t i c k ,  yivi i -g  t h e  usual a i l e r o n  con t ro l .  The DOH. 54, a large 

14-passenger a i r p l a n s  veighing 11,990 poun3s, f i l l l y  loaded, c?nd 

hpving a Rolls-i3oyce I'Condor" engirie, . w a s  i n s t a l l e d  with t h i s  
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system i n  o rde r  t o  make the  a i l e r o n  con t ro l  E S  l i g h t  as possi- 

b l e  and t o  reduce s t r u c t u r e  .-eight. The o t h e r  a i r p l a n e s  

t h e  inne? ey$tem of f laps ,  marked A i n  the dingrams, omitt  

t h e  ouker system B and C being  made t o  cover t h e  f u l l  spa 

Sp r ing- C on t r ol li ec hani  sm 

Very early i n  t h e  exoerimental s t a g e  i t  was found tha t  t h e  

sprirlq con t ro l  gcar must be such that as the  f l a p s  moved up 

w i t h  increase  of speed, it would be necessary t o  a r range  tlictt 

t h e  r e s i s t a n c e  moment imposed upon tlie mein sp ind le  b y  t h e  

s p r i n g  must P t l e a s t  no t  apprec iab ly  increase,  but p re fe rab ly  

become scial ler .  I n  the  e a r l y  a t tempts  a long l eng th  of rubber 

shock absorber ,  extending the  span of t h e  extension plane,  v1a.s 

emgloyed. In  the  l a t e r  designs,  however, a decreas ing  moment 

vas obtained by the  arrangement shown diagrammatically i n  Fig.  

4,  where a r b i t r a . r y  f i g u r e s  f o r  sp r ing  load and l e v e r  arm have 

been used t o  i l l u s t r a t e  t h e  p r i n c i p l e .  I t  will be not iced tha t  

b y  r o t a t i n g  t h e  mind]-e, i n  s p i t e  of t he  sp r ing  t ens ion  increas- 

i n g  from 200 t o  300 pounds, t h e  torque has been d.ecreased from 

1000 1b.- in .  t o  600 1b.-in. In  t h i s  way a shor t  s t i f f  s p r i n g  

of q u i t e  reasonable weight can be  employed. 

F i n a l  Stages i n  Design 

The f i n a l  s t age  i n  t h e  des ign  was t o  superimpose t h e  two 

mechanisms B and C uDon t h e  same sp ind le .  This s t e p  was found 
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t o  hi7we the  fo l lowing  advantages: I) 

(c2) Comoactness a n  l i g h t n e s s  of m nism. 

( b )  The gear could be b u i l t  up 2s ons c 

ed f o r  i t s  edjustment,  2nd drop i n  

v lgne .  

( c )  Grea ter  r i g i d i t y .  

(d) 

( e )  

I n  dctermining the f inaJ  1-cngths of t'nc va r ious  l e v e r s  

E a s e  of ad jus tncn t  dur ing  t r ia ls .  

Sna l l e r  and fewer ins?ec t ion  doors  i n  a i r p l a n e s .  

and t h e i r  r e spec t ive  ciiff e r c n t i a l  s e t t i n g s ,  the 6.esigner 1nd 

t o  be  very c a r e f u l  t o  guard cga ins t  c e r t a i n  dangers.  The in- 

discriilninate use of d i f f e r e n t i a l  e f f e c t  n igh t  lead  him i n t o  two 

troubltcs. F i r s t l y ,  too much d i f f e r c n t i a l  i n  t h e  a i l c r o n  con- 

t r o l  Fystcm, .rl~ithout ~3 compensatingly high gec7r r q t i o ,  might 

cause t h e  3 i l e r o n s  t o  becone ovcrbolanced ,qnd tcke  charge i n  

t h c  -ir n t  lorn speeds. Secondly, too much d i f f e r e n t i a l  c f f e c t  

on the  f l ?p -ooc r? t ing  l e v e r s ,  might caxse the  rcsul.ta.nt t o  pass 

t o o  n w r  t h e  d w d  canter  3 o s i t i o n  snd, even i f  t h e  gcar did not  

becom ?_ockcd, it h3.d t h e  e f f e c t  of causing the f l a p s  t o  move 

u p  too rap id ly .  However, s l though t h e  a.np.lysis of the  moments 

on t h e  v?*rious sp indlcs  i s  somewhat comnlcx, t h e  p r i n c i p l e s  FOV- 

n ing  t h e  movement of t h e  l eve r s  a r e  now thoroughly under 

and t h e r e  need be  no t r o u b l e  from e i t h e r  of t h e s e  cnuses. I n  

pass ing ,  one o o i n t  should b e  er?phasized, 2nd it is common t o  

811 methods of d - i f f e ren t iF l  a i l e r o n  con t ro l ,  i r r e s p e c t i v e  of 
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t h e  i cc lus ion  of f lnp-operat ing mechznism i n  t h e  sys t  

tha t  the re  seems t o  b e  no doubt that it lnr -aou.nt of d i fT  

tiql i*qOVaient i s  vrholly b s i l e f i c i ? l  7.s l ong  2 s  the  a i l e r o n  t 

i s  s u f f i c i a t l y  l a r y e .  The combi-nation czn b e  .r?. 

b o t h  c”, li-ht ?nd very e f f i c i e n t  cont ro l ,  p a r t i c u l s r l y  n v r  

s t a l l i n 3  syeed. I t  ~ l s o  “vcs a yewing norrent t o  t’ne ?ir.ol.c!n 

i n  the  c o r r e c t  d i r e c t i o n ,  thus reducing thc  rudder movement 

necessa,ry to put  the a i r g l e n e  i n t o  a c o r r e c t  bank. I t  shou1.d 

b e  rea’lizcd that a i l e r o n  d i f f e r e n t i a l  and pear r a t i o  go h ~ n d  

i n  hand. 

The icle?1 a o s i t i o n  that  t h e  f l a p s  should take up e t  Tmrious 

s-oceds is  Tlc?r~el-y a mat te r  of compromise, a s  t he  cons idcra t ions  

of uns t i ck ing  pr,d landin?  a r e  socewhat zn tagon i s t i c .  Thc:  f o l -  

lowing, howmer,  is  considered t o  be sorievhere near t he  optimum 

a rrangeinent : 

Sta l l - ing  spceZ - f l ~ n s  r i g h t  dovm, s a y  1.2 d e e r e m .  

5 Y.3.9. z!.boT).c s t a l l - i n ~  specd - f P p s  start t o  move ui?. 

10 !? .P*E* below c r r i s i n y  speed - i n d i c a t o r  r e c i s t e r i n g  
zero ang le .  

Cru is ing  speed - f la ,ps  r i g h t  up, say 2 d c m e e s  c3,boT~e 

Fig.  5 gives  3 curve der ivzd frorx f i g u r e s  taken du r ing  

f l i g h t  on a D.3. 54, and i t  w i l l  b e  seen that tke  r e s u l t  is not  

far from ideal. Wicn t h e  3 i r p l e n e  is o n l y  l i g h t l y  loaded, t h e  

ze ro  pos i t i on .  

p o s i t i o n  of t h e  curve i s  not  s u b s t e n t i a l l y  a l t c r c d ,  thc landing,  

c r u i s i n g ,  e.nd ful.1 speed 2 o i n t s ,  honcvcr, sprcr-d out 2 sm.1.1 

amount 



& r e  is  requi re6  i 

t h a t  it is % m  

shou1i.l b c  no loosening 

. If t h i s  

Id quickly  become n 

rgrho1c s y s t m  very r i g i  

seen  t l i P L t  Dains h?.vc b 

b u t  -Is0 t o  clii:qiriete Pny backl"sh,  by  t h z  criployment throuph 

of b a l l  bw. r ings  on a l l .  r o t a t i n g  parts. Thc imoortznce of t h i  

can quick ly  bc seen whcn it 1s r c z l i z c d  t h a t  it i n  u s u a l l y  ncc- 

essary t o  house the  ope ra t ing  u n i t s  v i t h i n  the  wings, r-rkicrc t h c  

dep th  L?vailcublc for t'nc caSlcs  t o  c l  r the  r i b  fl.?nqcs i s  cx- 

t r eae ly  l i a i t  cd. 

'93 r i s t o 1 F i sht e r I '  

F i g s .  6, 7 ,  8,. in$ 9 Tive some i d m  of t he  s i n g l c  u n i t  

type  of i n s t a l l a t i o n  as fittedc t o  F" st8ridard " B r i s t o l  F igh te r . "  

This system i F  similar t o  thg t  shown d i o g r a m a t i c a l l y  i n  Figs.  

2 and 3, except t h r t t  u n i t  ''A" h a s  k e e n  omitted.  It follows vc 

c l o s c l y  thc: nrrangement employed on t h e  L".- 54, t he  gear b c i  

housed . r r i th in  the lomcr ving, and t h c  top  and bottom f laps  bc 

jo ined  by connecting rods. 

2.H. 54 

tl 

Figs.  10, 11, 12,  and 13 s3ov the  inne r  2nd o u t e r  u n i t s  c 

soonding t o  A, B, an6 C, r e spec t ive ly ,  ic Figs .  2 and 3. 



N A C . A  Technical. %femora 

T F i l l  be seen that the  f l a p -  

curv ed b r id  

which t h e  f l a p  

on. This makes 

f i r s t  t r i s l s ,  and i s  flown l i g h t l y  loaded wi th  t h e  f laps 1 

i n  t h e  n e u t r a l  p o s i t i o n .  The a i l e r o n  con t ro l  is, of course,  

a f f e c t e d  b y  t h i s ,  except that it is n o t  so  e f f e c t i v e  a t  low 

speeds. 

The f o u r  u n i t s  complete weigh 44 lb. It  has becn est imat  

t ha t  t h e  t o t s 1  a d d i t i o n a l  weight incurred by the  i n s t a l l a t i o n  

of v a r i a b l e  fla.ps, i s  of %he order of 200 lb. Most of t h i s  

weight i s  accounted f o r  by the  f lag spa r s  which would, of cour 

be  c h a r a c t e r i s t i c  of any t7ype of f l a p  gear ,  and it is  d m b t f u l  

arhetiier the  f i g u r e  of 44 l b .  i s  p e a , t e r  than that  re9resented 

by a hand-controlled pear on an a i r g l a n e  of t he  same s i ze .  

Construction of Uni t s  

Most of t h e  l e v e r s  i n  the  D t H *  54 were b u i l t  up of 2-14 

gauge m i l d -  s t e e l  p l a t e s ,  having 3/16 inch t h i c k  a.lumimm r i v e  

between, t a p e r i n g  towards t h e  t i p ,  t h e  aluminum b e i n g  replaced 

ends b y  mild s t e e l  pa.cking p i e c e s  soldered i n  n o s i  

A l so  on t h i s  a i r p l a n e  m i l d  s t e e l  was used f o r  a l l  ba l l - r ace  

housings,  e t c .  On t h e  " B r i s t o l  F igh te r , "  however, t h e  l e v e r s  

e sol id  4 gauge duralur.;in w i t h  b a l l - r a c e  housings machin 

duralumin be r'. 



Charge of T r i m  of Ai 

From wind- tvnnel  c u m  es showing va. 

t h e  t r i m  of t h e  a i p l a n e  v i t h  

t h a n  i s  encountered on s tandard types.  For tuna te ly ,  t h i s  

n o t  been found t o  be t h e  case,  and it is ooss ib le  t o  f l y  ",e 

DOH. 54 at  a l l  speeds wi th  very l i t t l e  adjustment t o  t h e  tail 

t r i m  rnrheel. 

R e 1  iab il it 7 

The Possi 'Dili ty of breaking  or s t r e t c h i n g  -the snr ings  has 

been  put  forward a s  an  arpment;  ?ga ins t  t he  r e l i a b i l i t y  of t h e  

system. Absolutely no t roub le  has been experienced from this 

cause  dur ing  a, very extensive s e r i e s  of t r i a l s ,  and it should b e  

poin ted  out t h a t  i n  t h e  case of t he  " B r i s t o l  F ighter"  des ign  

t h e  spr ings  a r e  v i r t u a l l y  dup l i ca t ed  and of t h e  D e  3. 54 quad- 

r u p l i c a t e d ,  as they are  interconnected by t k e  ba lance  ca5les .  

I n  t h e  event of t r o u b l e  from t h i s  cause, t he  f l a p s  would s iEply  

t r a v e l  uparards unt i l .  they a t t  

f l a p  p o s i t i o n s  nierely ope ra t ing  a t  lower speeds. 

Wnerever i t  has been con 

robus t  t o  guard aga ins t  f r a c t u r e .  
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Prodzct ion e.nd Ilaintenance Costs 

U p  t o  the ?resent  time no a . i rplenes 3aving t h i s  type of 

gear  i n s t a l l e d  have gone i n t o  production, 2 s  a l l  t l e  a i r p l  

s o  equioped have been considered. experimental. I n  consequenc 

IqTberever p o s s i b l e ,  ed j7Jstments Pave been arovided so that t h e  

b e s t  r e s u l t s  could b e  obteined based on f u l l - s c a l e  t r i a l s .  

There should be no d i f f i c u l t y ,  hoT;rever, i n  des igning  a n  a i r p l a n e  

having - a l l  i t s  le-yerages and t r a v e l s  f ixed .  T k i s  should con- 

s i d e r a b l y  reduce t h e  cos t  of m.?,nufacture, vci'nile t h e  a1iestion of 

r i q i n g  should present  no nore i ? i - l i c u l t y  than an  a i r p l a n e  f i t -  

t e d  w i t 3  the  standa.rd type of cont ro ls .  

*.e&-* 

Senera1 Conclusions 

The w r i t e r  has been s o  c lose ly  a s soc ia t ed  w i t h  the  des ign  

an& t e s t i n g  of t5e  gear descr ibed  i n  "cis r epor t ,  t h a t  it :nay 

b e  d i f f i c u l t  f o r  him t o  form a n  unbiased opinion on i t s  prac- 

t i c a l  u t i l i t y .  The following a m l y s i s ,  however, is a genuine 

a t tempt  t o  consider  i t s  va r ious  feat.Jres from t h e  po in t  of 

view, f o r  example, of t h e  chief engiaeer  of an  air l i n e ,  who 

would b e  resGonsible for i t s  xaintenance and who would b e  spe- 

c i a l l y  concerned n5tii suc3 fundanentals  as  i n i t i a l  and mainte- 

nance cos t s ,  balanced aga ins t  iymrovemcnt i n  spced range, lo-ver 

gaso l ine  consum?tfon, o r  z r e a t e r  load-carrying ca-oacity as the 

case  aay  be. 
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(a )  The ex t r a  i n i t i a l  cost  of the  g 

been somewhat high i n  i t s  expsrimen s t a g e s .  This 

i t a b l e ,  and i s  ,ge2era l ly  a.Fsociated wi th  any depa r t  

s tandard  p r a c t i c e .  Eowever, those  r e s  

t i o n  of t h e  i d e a ,  consider  tliat on even a semi-producti 

t h e  extra  c o s t  of  rflaru.facl;ure ccuid- be  red.uc2d t o  a o o i n t  

i t .  wag d e f i n i t e l y  ~ o 1 t 3  vi?ile. 

( S )  Xaintena:-j.cc could docb'cl~?ss be xduced- b y  s i m - ~ l i f  ica  

t i o n  i n  diesign t o  l i t t l e  more tkan  t h e  care required on T i r -  

p lanes  f i t t e d  wi th  s tandard controls. Pul l eys  have been elimi- 

nated 774xre K)ossiSle, and e x t r a  s t o c t  cables  have been employed, 

otherwise t h e  cables  Go no t  touch any g o r t i o n  of t h e  a i r u l a n e  

and s'noul-2, theref  ore ,  Is F t inc?.ef i n i t e l y .  Since a l l  ba l l - r aces  

a r e  greased b c f o r e  a,sser&Iy, 2 n d  are f i t t e d  v i t h  d u s t  c;~T)s, 

l u b r i c a t i o n  chouldl only % e  necessary a t  ].on% i n t e r v a l s .  If con- 

s i d e r e d  e -es i reb lc ,  any of t ne  r..ell-l:novn m e a s e r s  could e a s i l y  

b e  f i t t e e ,  ?..xi t he  pear be char@ wi th  the  grease-gun. 

~ h c  fo l lo rv ing  are various rjoints of i n t e r e s t  a f f e c t i n  ( e )  

t h e  performance of a i m l a n e s  f i t t e d  with t h i s  system: 

1. Ui1stic.k.- ---_ One cPnnot do  b e t t e r  than quote  t h e  opinior, 

o f  tho "uchmical staff of t h e  &Iartlesham Eeath Experimental 

S ta t io -n ,  where an  extensive s e r i e s  of t r ia ls  m s  c a r r i e d  out 

on t h e  D - 3 .  54. T h i s  a i r p l a n e  rlvas t e s t e 6  o v c r  t h e  scrcen  f u l l y  

loaded,  bo th  w i t h  f 1 a . p  ope ra t ing  and with f l a p s  locked i n  t h e  

u_n_ oos i t i on .  In t h e i r  opinion thc  f l a p  gear j u s t i f i e d  i t s  ex- 



iq A I: A - T cchn ica 1 :.1 cr;or?i nCun: BID. 406 

i s t c n c c  i n  t h i s  resFec t ,  Thich is t l c  onc i n  vrhlch t h  

b e  somo doubt because, a l though %hc r a t c  of climb was n 

p r a c i a b l y  incrsascd  b y  t h c  use  of f laps ,  t 

reduced by about 5 X . P . H . ,  and on an evesa 

say ,  8 >!I-PoH., t h i s  would inc rczsc  t h e  ang le  of climb from 

1 i n  1.0 t o  1 i n  9.  

2 .  Lkte of -Clizb.- Some ,mz11 ixcrease  i n  f avor  of us ing  

t h e  f l a p s .  
1 

3. Cruis ing  and Full- Bpceds.- I n  bo tk  these  cases,  t he  

f l a p s  being i n  t h e  a Dosi t ion ,  t h e  speeds ? r e ,  of  course,  nor- 

m a l .  Fowever, if  t k e  pear be aC.justed t o  Five tke f l a p s  a n  up- 

ward t r a i l  of s ? ~ ,  3 t o  3 diegrees, t h e s e  speeds should be  im- 

prove& b y  a'nout 2 Y-PP.H.  

4. S t a l l i n g  Sneed.- Reduced by 7 t o  8 M.?.H This figure 

r eg resen t s  an ?.vera.ge taken from a l a r g e  number of observa t ions  

du r ing  fu! 1-scale  trials c a r r i e d  out on the  va r ious  a i r p l a n e s  

f i t tecl  n r i t h  t h e  gear .  

5. Speed Approaching Airpor t . -  This is reduced by about 

5 Y.P.K., a l s o  the  a i r p l c n e  takes  up an  a t t i t u d e  T n r i t h  i t s  nose 

n r e l l  e.omm, 2nd the  v i e a  forward i s  correspondingly imroved .  

6. P u l l  up on Grmnd.- I n  the  cp in ion  of s eve ra l  well- 

'Known 3il .ots :7'r,o have flown t h e  D i H .  F4 duri-n-c i t s  t r i a l s ,  



t h i s  airn.lane should be p a r t i c u l a r l y  epsy t o  handle 

forced  landing.  Any improvement i n  t h i s  c h a r a c t e r i s t i c  i s  

most important,  and i s  c e r t a i n l y  a s tep  i n  t’ne r i g h t  d i  



A b s o l z t a  l i f t  c o - - 2 f f i c i e n t ,  CL 

FiS.1 Curves showing c f f e c t  of .--. flap an@,? on 
L/Z p l o t t e d  against cL. “ , ing  s a c t i o n  
Z.A.F.9.  
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PIP. 11. 
Arrangement 01 Inner flap operattn& mechanism on D.H.54. 

A Main bracket. D Lever connectcd to lever con- 
U Lever connected to sprlll6rontro~. neeting rod. 
C Lwer connected to  flap bal31re E Lower surface of plane. 

-abies. 

Fig 2. 
Flaps in up position. and ailerons up and down. 

A Flap operating gear. I; Flap balance cable. L Spring. 
B Aileron operating gear. G Aileron control cable. M Flap travel stop. 
C Flap operating gear. H Flap travel. N Aileron travel up. 
D Joy stick. 1 Inner flap. P AlIeron travel doun. 
E Aileron balance cable. K Springtensionadju5troentspmdlc. Q Outer combined flap and aderon. 





e=200x5= 1000 

Torque on spindle=300x2=600 1%. -in 

Fig .4  Diagram showing reduction o f  torque on spindle  wi%h 
i nc rease  o f  load i n  spring. 

40 60 80 130 120 
Speed, Id. F H . 

Fig.5 Relat ionship between f lap anglz and speed f o r  ’D.R.54 
f u l l y  loaded. 




